This paper argues that in practical applications the weighted average cost of capital (WACC) is often incorrectly estimated due to the simultaneous use of two inconsistent input parameters: (i) a beta of debt equal to zero when transforming asset betas into equity betas (beta levering) and (ii) a cost of debt above the risk-free interest rate when calculating the WACC. The paper discusses and quantifies the consequences of this inconsistency and offers viable solutions. By replacing the cost of debt with the risk-free rate, a more accurate WACC is calculated and the estimation of the cost of debt becomes obsolete. Furthermore, the paper presents a solution to obtain the correct WACC without increasing the calculation's complexity.
Introduction
The weighted average cost of capital (WACC) is a discount rate used in the majority of project and company valuations that rely on entity-based discounted cash flow methods. This valuation method is generally recognized as suitable for determining the value of companies given a variety of assumptions about the future development of debt (e.g., Brealey et al., 2008 . (Note 1) The pure WACC is simply the weighting of the individual cost of capital components (usually debt and equity) and does not dictate any specific rule in the calculation of the capital costs of debt, equity, and, possibly, hybrid instruments. However, in modern practical applications, certain aspects of the calculation appear to be almost standardized and are thus hardly questioned.
First, the WACC is most often calculated with an adjusted cost of debt that accounts for the tax deductibility of interest-rate costs. For this reason, it is often referred to as the after-tax WACC; it can be used to discount expected future after-tax cash flows to the firm, regardless of whether they will accrue to equity or debt investors.
Second, cost of equity calculations used in the WACC mostly rely on the capital asset pricing model (CAPM). While the exact estimation of the CAPM parameters (risk-free rate, risk premium, and equity beta) is subject to some degrees of freedom and even arbitrariness, the model itself is well established and accepted. For example, Graham and Campbell (2001) mention in a survey of Fortune 500 CFOs that "73.3% of respondents always or almost always use the CAPM" (p. 201).
accurate. Further, in all situations when the firm to be valued is not traded, there is no viable alternative to relying on the betas of comparable companies. For the sake of simplicity, practitioners usually assume that the debt beta is equal to zero when levering and unlevering betas. This common practice is also backed by leading corporate valuation textbooks (e.g., Damodaran, 2002, p. 194) .
Finally, in WACC calculations a cost of debt needs to be estimated. Interestingly, in spite of the previous zero-beta assumption, the (pre-tax) cost of debt is generally set higher than the risk-free interest rate, which implies a positive debt premium. However, only a (pre-tax) cost of debt equal to the risk-free interest rate is truly consistent with a debt beta of zero.
This paper contributes an analysis of the WACC-based valuation practice just laid out. In particular, we provide an analysis of the common practice of using (i) a positive debt premium in the WACC formula together with (ii) a debt beta of zero in the (re-)levering step of equity betas. We show that whenever a debt beta of zero is assumed in the (re-)levering step, all efforts put into the estimation of an accurate debt premium are unnecessary and even detrimental to an accurate valuation. In a world without taxes (or no deductibility of interest costs), assuming a debt beta of zero will yield a correct WACC (and thus a correct valuation) as long as the cost of debt is also set equal to the risk-free interest rate. In this case, the downward-biased cost of debt will be exactly offset by the upward-biased cost of equity. (Note 2) In a world with taxes, the assumption of a debt beta of zero will generate an error in the WACC and will bias the valuation results, even if the cost of debt is replaced by the risk-free interest rate. However, we show that the magnitude of the error can be reduced if the debt premium is consistently set equal to zero. While at first glance it seems a priori unreasonable to assume corporate debt to be risk free, one has to keep in mind that this assumption is the only one that is truly consistent with the formula commonly used by practitioners for levering and unlevering equity betas. For practitioners reluctant to work with a cost of debt equal to the risk-free rate, we propose two viable solutions: either (i) calculate the after-tax WACC by using a more involved formula for (re-)levering betas or (ii) use an improved WACC formula. The latter WACC improvement is computationally equivalent to the WACC of Farber, Gillet, and Szafarz (2006) under the assumption of a constant debt ratio and a tax shield with the same risk as the firm's assets. However, the proposed formula builds on and extends the WACC that is most often used in practice.
The remainder of this paper is organized as follows. Section 2 lays out how the WACC is computed in practice; it discusses its inconsistencies and derives formulas for the errors it generates in the calculation of equity betas, the cost of equity, and after-tax WACC. Section 3 illustrates the theoretical findings of the previous section by means of a numerical valuation example. Section 4 proposes two ways to improve best practice of WACC calculations and discusses their advantages. Finally, Section 5 concludes with a summary of the major results and implications of this paper.
Correct and incorrect WACC calculations
The after-tax WACC (Note 3) of a company financed by debt and equity can be computed as The presence of T C in the above formula reflects the existence of tax benefits due to the deductibility of interest costs Miller, 1958, 1963; Scott, 1976) . While the tax rate, T C , and the leverage ratio at market values, L, are known quantities (Note 4), some care must be applied to the appropriate choice of a (pre-tax) cost of debt, r D , and cost of equity, r E .
WACC calculations in practice
Companies have developed a large variety of techniques to compute the cost of equity and cost of debt for use in WACC calculations. Since a thorough discussion of all the approaches is clearly unfeasible, we focus on one general approach that is widely used in practice and that can be considered a de facto standard in practical corporate finance. According to this approach, which we will term Practitioner WACC (WACC P ), the cost of equity is computed by the following five steps.
First, an estimate of the asset beta, β A , is obtained from comparable companies operating in the same business. According to a survey by Bancel and Mittoo (2012) based on 416 questionnaire responses from investment bankers, financial analysts, portfolio managers, and valuation experts, 85% of companies make use of comparable firms when calculating asset betas. The wide use of comparable companies can be explained by the lower standard errors of this approach compared to regression betas based on the stock returns of the company to be evaluated. Further, in all situations in which the company is not listed, there is no valuable alternative to comparable companies. For the sake of simplicity, we assume that the asset beta is correctly estimated and thus corresponds to the true unlevered beta of the company.
In a second step, the asset beta, β A , is transformed into a company-specific equity beta, β E P , by applying the formula
where the superscript P in β E P indicates that the equity beta is a practitioner estimate that will likely differ from the true equity beta, β E . The above levering formula is widely used in practice, although it implicitly assumes that the debt beta of the company, β D , is equal to zero. According to the survey of Bancel and Mittoo (2012) , the assumption of a debt beta of zero is made by as many as 82% of companies.
Third, the equity beta in Equation (2) is used in combination with the CAPM to estimate the company's cost of equity:
where RP is the market risk premium and, again, the superscript P indicates that the so computed cost of equity capital, r E P , is a practitioner estimate that likely differs from the true cost of equity, r E .
Fourth, an estimate of pre-tax debt capital costs, r D P , is obtained either from the yield on the company's outstanding debt or as an average of yields on bonds issued by comparable companies of equal rating. For the sake of simplicity, this paper assumes that the estimated cost of debt is equal to the true cost of debt:
In the fifth and final step, all input parameters are used to compute a WACC estimate in accordance with Equation (1):
Accuracy of the Practitioner WACC
While care is needed in each of the above steps to avoid inaccurate results, in this paper we argue that the beta levering in step two of the above procedure (Equation (2)) introduces a systematic bias into the final WACC. In fact, as indicated by Harris and Pringle (1985) and Ruback (2002) , among others, the correct levering formula (Note 5) for the equity beta is
Thus, by assuming a debt beta of zero, Equation (2) overestimates the true company's equity beta by an amount 
. (a) Leverage is defined as D/(E+D). (b)
Leverage is defined as D/E. β E is the true equity beta and β E P is the equity beta as calculated by practitioners.
Figure 1 depicts β E P and β E for different leverage values, with β A and β D fixed at 1.0 and 0.4, respectively. As already shown by Miller (1958, 1963) , equity beta increases with leverage. If leverage is defined as D/(E+D), the relation is convex (see Figure 1(a) ). If, on the other hand, leverage is defined as D/E, this relation is linear (see Figure 1(b) ). The graphs further show that the error in the equity beta is, all else being equal, larger for higher leverage ratios. The upward-biased equity beta leads to an overestimation in the cost of equity of
and an overestimation of the after-tax WACC of
Fig ( Figure 2 (a) depicts the difference between the correct WACC and the Practitioner WACC. As expected, the correct WACC decreases with leverage because of the tax shield. While the Practitioner WACC also decreases with leverage, its upward bias increases as L gets larger.
Considering errors in the initial asset beta
So far, it was assumed that WACC calculations started with the correct unlevered beta, β A . However, in practical applications the unlevered beta is estimated by computing the average of the de-levered equity betas of comparable companies obtained from market model regressions. If the assumption of a debt beta of zero is already used in this de-levering step, then the initial practitioner asset beta, β A P , that was previously assumed as correct will be biased downward (β A P < β A ). As illustrated in Figure 3 , whether the re-levered practitioner equity beta, β E P , will over-or underestimate the true equity beta will critically depend on the leverage of the company in question relative to the (mean) leverage of comparable firms. If the leverage is higher (lower) than that of the comparable firms, then the practitioner equity beta will overestimate (underestimate) the true equity beta. To some extent, the two errors in the deand re-levering steps cancel each other out. However, they will only offset each other if the two leverage ratios are identical. In this case, naturally, there is no need for de-levering and re-levering betas in first place because the equity betas of the comparable companies can be directly used to calculate the cost of equity, r E . The debt beta of the company, β D , is assumed to be 0.4 at all leverage ratios. The correct asset and equity betas (β A and β E ) are obtained by correctly de-levering and re-levering the equity beta of comparable firms. The practitioner asset and equity betas (β A P and β E ) are obtained by incorrectly assuming a debt beta of zero in both the de-levering and re-levering steps.
A numerical valuation example

Assumptions
To put the results in perspective, we value a company by using both the correct WACC approach and the Practitioner WACC. To keep the example as simple as possible but still economically meaningful, the following assumptions are made:
 The company generates constant yearly expected earnings before interest and taxes (EBIT) of $100 million (perpetuity),  The risk-free rate is equal to 2.5% per annum, r f = 0.025,  The market risk premium is equal to 4% per annum, RP = 0.04,  The asset beta of the company is equal to one, β A = 1.0,  The tax shield (TS) is assumed to have the same risk as the firm (e.g., Harris and Pringle, 1985) , β TS = β A ,  There are no changes in net working capital and capital expenditures are always equal to depreciation.
Correct WACC
Given the above information, it is possible to compute the correct WACC according to Equation (1). The only missing input parameter is the cost of equity, r E , which can be computed by levering the asset beta according to Equation (5) and applying the CAPM formula: The WACC formula in Equation (1) then yields capital costs of 5.45%:
Since after-tax free cash flows to the firm are a constant perpetuity, the value of the company can be computed simply by dividing the after-tax cash flows by the WACC:
Practitioner WACC
As shown above, in typical WACC-based valuations, the levering of the initial asset beta is performed by assuming a debt beta of zero:
The resulting equity beta is overestimated by 0.875 (or 77.8%). The magnitude of the error can be directly computed by using Equation (6): The estimated cost of equity is 3.5 percentage points higher than the correct cost of equity of 7%. It further translates into a Practitioner WACC of
Finally, the enterprise value of the company with the Practitioner WACC is calculated as
In this example, the use of the Practitioner WACC leads to an undervaluation of the company by $290 million, or 24.3%.
Improvements of the Practitioner WACC
Better WACC with lower effort
As argued so far, the Practitioner WACC has two important problems. The first one lies in the assumption of a debt beta of zero and thus risk-free debt in the levering step (see Equation (2)). The second and more serious problem relates to the inconsistent use of this assumption. While company debt is assumed to be risk free in the levering step, it is also assumed to yield a positive risk premium in the calculation of the WACC (see Equation (4)). Thus, one way to improve on the current practice of WACC calculation is to operate consistently with a risk-free corporate debt. In particular, consistency dictates the use of a pre-tax cost of debt equal to the risk-free interest rate (r D = r f ) in the WACC formula:
where the superscript CP indicates a consistent practitioner version of the WACC. The error of WACC CP can be easily computed as
By comparing the error of the Practitioner WACC P (Equation (8)) with that of the Consistent Practitioner WACC CP (Equation (10)), it is evident that the latter is smaller than the former by the factor (1-T C ). Thus, the overestimation of the cost of equity is partially counterbalanced by the underestimation of the cost of debt. Figure 2 (b) shows that the WACC CP is always closer to the true WACC than the Practitioner WACC.
In the numerical valuation example presented in Section 2.3, the Consistent Practitioner WACC generates capital costs of 6.06%:
Based on this WACC, the company's enterprise value equals $1,072 million. This corresponds to an undervaluation of 10.1%, which represents a clear improvement over the undervaluation of 24.3% resulting from the Practitioner WACC.
The no-tax case (T C = 0) deserves comment. Whenever there are no taxes, the Consistent Practitioner WACC generates the exact cost of capital because the overestimated cost of equity is perfectly counterbalanced by the underestimated cost of debt. This also means that by setting T C = 0, one can use the Consistent Practitioner WACC to compute the correct pre-tax WACC or the cost of capital of the unlevered firm, r A :
Overall, the proposed improvement of the Practitioner WACC is based on the consistent use of the zero-debt-beta assumption. It is valuable because it increases the accuracy of the cost of capital estimation without requiring additional input parameters. On the contrary, the improved WACC formula does not require the estimation of a debt premium and is therefore even easier to calculate than the Practitioner WACC.
In practical applications the cost of debt is often approximated by yields of bonds issued by the same company or by firms with a comparable rating. Since bond yields are usually higher than the cost of debt, the error in the WACC calculation is further aggravated. This case should be viewed as an additional argument for replacing the cost of debt with the risk-free interest rate.
Rethinking the WACC: A second improvement
The WACC formula in Equation (1) can be easily rewritten as
The first two terms of this equation, r E · (1-L) + r D · L, correspond to the pre-tax WACC, or the WACC of the unlevered firm. By exploiting the identity in Equation (11), we can rewrite the WACC formula as
This WACC formula has several advantages. First, it delivers the correct WACC. Second, it does not require the fully fledged re-levering formula (Equation (5)) that practitioners seem so reluctant to use. Third, the formula provides in its third term (-T C ·r D ·L) an explicit expression of the impact of the tax shield on the after-tax cost of capital. Thus, it shows transparently how the tax shield affects the WACC. (Note 6) Fourth, use of the Practitioner WACC in the calculation of the pre-tax WACC mitigates the impact of estimation errors in the cost of debt: Possible errors in the estimation of the debt premium do not distort the entire pre-tax WACC but only the capital cost discount triggered by the tax shield. The above formula is computationally equivalent to the WACC formula proposed by Farber et al. (2006) under the assumption of a constant debt ratio and a tax shield with the same risk as the firm's assets: r A -T C ·r D ·L. However, Equation (13) provides a specific way to calculate r A that builds on the Practitioner WACC. For this reason, the proposed formula may have a higher chance of being used by practitioners.
Conclusions and implications
If one uses the after-tax Practitioner WACC-which assumes a debt beta of zero in the levering of betas but uses a cost of debt above the risk-free interest rate in the WACC formula-one should be aware of its inner inconsistency and the errors this approach generates.
This paper derives closed-form solutions for the errors in beta, the cost of equity, and the cost of capital caused by the Practitioner WACC and provides consistent numerical valuation examples.
A better estimate of the after-tax WACC can be derived through a minor change in the WACC formula; specifically, the cost of debt should be set equal to the risk-free interest rate. This small adjustment has several advantages:  First, it preserves inner consistency with respect to the assumption of a zero debt beta.  Second, it delivers more accurate WACC estimates-which turn out to be exact in the no-tax case-and thus also better project and company valuations.

Third, it reduces the costs of the approach because it renders the estimate of a debt premium unnecessary.
In a second refinement of the Practitioner WACC, we show how to separate the tax shield effect and obtain the correct WACC. While this second formula requires an estimate of the debt premium, possible errors in this estimate distort the tax-shield effect, but not the cost of capital of the unlevered firm (r A ).
